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Color.C  herence

In QCD: Interference of soft gluon radiation
emitted along color connected partons.

Intrajet Coherence

» Angular Ordering of sequential
branchings in a partonic cascade

 Hump-backed shape of particle
spectra

Interjet Coherence

String or Drag effect in multijet

hadronic events




“Traditional Approach”

—

» Shower develops according to pQCD into jets of partons

until a scale of @~ 1 GeV.

» Thereafter, non-perturbative processes take over and
produce the final state hadrons

“Local Parton Hadron Duality (LPHD) Approach

» Parton cascade is evolved further down to a scale of about

Q, ~ 250 MeV.

33

» No hadronization process.
Hadron spectra = Parton spectra

—

¥ Simplicity. Only two essential parametefs,{, and Q)
and an overall normalization factor

q . g <
‘ (Parton Shower)
9<C>2)§

(Hard Interaction)

(W04 suoIpDH)

Time increases

Distance increases

Invariant mass decreases




Infirajet Coneranea

== (Color Coherence (CC) effects in partonic
cascades

==> Angular Ordering Approximation

uniform decreaseof successive emission angles ¢
soft gluons as partonic cascade evolves away fr
the hard process

DM

Oy < g < b4g




Intirajet Coherence

== Theoretical Framework:
« Analytic Approach:

POCD + LPHD | === | DLA, MLLA...

at low evolution scales the
| PHD :> hadronic distributions are
expected to be proportional tp

the partonic ones

Resummed analytical

calculations (DLA, MLLA)
PQCD [ : Incorporate leading coherence

effects

« MC Approach:

Perturbative# Include CC effects probabilistically by means

of AO for both initial and final state evolutions

Use phenomenological models to simulate the

Non-Perturbative Non-perturbative hadronization stage, e.g. the

LUND string model or the cluster
fragmentation model.



Interjet Coherence
Interjet coherence deals with the angular structure of
particle flow when three or more partons are involved

=) cte” INteractions:

First observations of final state color
coherence effects in the early '80’s
(“string” or“drag”’ effeci

Y

ete - qqy e'e" - 0gqg

Depletionof particle flow in region
betweerng andq jetsrelative to that
betweerg andg jets




Interjet Colherence

==) PP Interactions:

e Colored constituents in initiandfinal state
(more complicated that e)

e Probes initial-initial, final-final andhitial-
final state color interference
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Recen' Results
Intrajer Coherence

= Hump-backed plateau

= |nvariant charged hadron energy spectrum)

= Angular multiplicity fluctuations in hadronic Z decayp
(L3 Analysis - CERN-EP/98-23) - not shown -

= Multijets

= Particle flow in W+Jets events

= Color reconnection effects in e+eqgg events

- EXperimental issues:

* Can Color Coherence effects survive
hadronization process?

* What is relative importance of perturbative
VS. nhon-perturbative contributions?




Hump-backed plateay

» Direct consequence of CC+LPHD
» Depletion of soft particle production within jets

» Approximately Gaussian shape of inclusive
distribution in the variablé=In(E/E,;)=In(1/x)

» The height of th@umpis increasing with energy
and peaks at f; ~ E.0°

» Analytic calculations: MLLA+LPHD

1 do Js Q
o dfp Kipho f(fplYlA) 09 Q, 0g A

Incoherent model

T

Coherent model

dn/din(E,)

IN(Epn)



Hump backed plateau

Charged hadron inclusive fragmentation functions

HERA

» P; of tracks > 150 MeV/c
» Studies performed at the Breit Frame of Reference

» Concentrate on the “current” hemisphere of the
Interaction (fragmentation products of the
outgoing quark)

» The DIS “current” fragmentation (CF) functions at
a momentum transfer Q are analogous to the
ete” fragmentation functions at center of
mass energy equal to Q

» Test of the universality of fragmentation functions



log(1/x;,) evolution

ZEUS 1994-97 Preliminary

e <OQ>= 3.2, 10.5, 14.6, 20.9, 29.2, 41.8 GeV

1/N dn/din(1/x)

* MLLA curves fit data well
* clear increase of In(1)x, ., and multiplicity with Q
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* MLLA predictions fit data well

A simultaneous fit to the peak and width values of H1 d
yields a value of\4~=0.21+ 0.02 GeV, in agreement wit
LEP

Ata,
)
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log(1/x,) evolution‘

L3 Preliminary

o L3 (Vs = 182.7 GeV)
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£ =4.02+.02 x°= 187
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Gaussian
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l0g(1/X,) max €VOlution

L3 Preliminary
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MLLA prediction fits the data better than DL
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Production of identified particles

LEP

¢Jevolution
DELPHI Preliminary
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e MLLA+LPHD fits the data wellA=150 MeV)
e« Momentum cut-off parameter,@ 330 MeV




Production of identified particles

1/N dn/dg

0.8

0.6

0.4

0.2

0.8

0.6

0.4

0.2

0.2

0.1

¢ distribution

& =0n(1/xp)

0.04

0.03

0.02

0.01

0.4

0.2

0.15

0.10

0.05

SLD)

SLD

& =0n(1/xp)



Production of identified particles
¢0vs Hadron Mass SLD
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Except for pions, there is no monotonic mas
dependence of the peak positipn

or
the peak position decreases vs mass differe
for mesons and baryons (why? LPHD?)
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|nvariant Partlcle Energy Spectra

» The evolution of the fragmentation function at
low energies, or high values &f can be studied
using the event-normalized invariant spectrum:

(1/ Nevts)>< Edr]tfacks /d3 P

» Due to soft gluon coherence effects, which
forbids the multiplication of the soft particles, one
expects nearly an energy independent behavior of
the soft particle rate

& The emission rate for gluons with large
wavelength does not depend on the details of the jet
evolution at smaller distances but it is determined by
the color charge of the hard initial partons

[1 energy independent

» It provides a nice test of LPHD



Invariant Particle Energy Spectra
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50 Multijets (il

""" pp — 3jets+ X
o Select events with three or more jets

* Measure the angular distribution of “softer” 3rd
jet around the 2nd highest ket in the event

Ery > Ery > E73

Search Disk Er > 115 GeV and Ers > 15 GeV

Beam axis

Inner disk radius R; = 0.6

Outer disk radius R, =

=
2

Jet 1 B = 0 at Near Beam

B = m at Far Beam

« Compare data to several event generators with
different color coherence implementations



Monte Carlo Simulations

* Generate high statistics particle/parton level MC samples
Including detector position and energy resolution effects

- Shower-level event generators

e |ISAJET v7.13
» Does not include color coherence effects
* Independent fragmentation

 HERWIG v5.8
* AO approximation
o Cluster fragmentation

e PYTHIA v5.7

« AO approximation (no azimuthal correlations for
ISR)

 AO may be turned off

 String or independent fragmentation

- Parton-level pQCD calculation
« JETRAD v1.1

» O(0?) parton level, one loop 2 2, tree level
2 - 3 scattering amplitudes

* No fragmentation



5% 3—jet B distributions
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%) 3-jet Data/Monte Carlo
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« HERWIG and JETRAD agree best with the data
« MC models w/o CC effects disagree with the data




58 Wedet Analysjs

g(Jet)
Compare pattern of soft //
particle flow around jet to
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* In each annular region, measurember of calorimeter
towers(~ particles) withe; > 250 MeV

« PIOtNTWR __/ NTWR vs (3

» Annuli “folded” aboutp symmetry axis
B range: O- 1t (to improve statistics)
B=0- “near beam”p =1 - “far beam”

Search disksR(innen=0.7, R(outen=1.5
B = arctan(sign{yy ;) AQ/ An)



W + Jet - Monte Carlo Samples

 PYTHIA v5.7 Monte Carlo
— Full detector simulation
— Mimic noise by overlaying pedestal data
— 3 samples with different color coherence:
“Full coherence’ AO + String Fragmentation
“Partial” No AO + String Fragmentation
“No coherence’” No AO + Independent Frag

« Analytic Predictions by Khoze and Stirling
— MLLA + LPHD
— go—>Wg and gg>W(q processes
— hep-ph/9612351
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W+Jet Results

DO Preliminary

N

DO Preliminary
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Jet/W Tower Multiplicity Ratio
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Jet /W Ratio
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2.5

1.5

MLLA+LPHD Predictions

Ratio of Jet/W Soft Particle Distributions — Khoze and Stirling

http: //xxx.lanl.gov/abs/hep—ph/9612351
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W + Jet - DO Preliminary Results

Comparison to Pythia (Sample |, full coherence)

Angular ordering + String fragmentation
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Monte Carlo normalized to data.




W + Jet - DO Preliminary Results

Comparison to Pythia (Sample Il, partial coherence)

NO angular ordering + String fragmentation
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W + Jet - DO Preliminary Results

Comparison to Pythia (Sample Ill, No coheren

NO angular ordering + Independent fragmenta

ce)

tion
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W + Jet - DO Preliminary Results

Data / PYTHIA ratios

AO + SF




i+Jet Results

Jet/W(B=0+m)
Event/Transverse Plane Ratio=
Jet/W(B=1172)

DO Preliminary Data

PYTHIA AO on and SF

PYTHIA AO off and SF

PYTHIA AO off and IF e

Khoze & Stirling

Event/Transverse Plane Ratio

PYTHIA w/ AO & SFAND MLLA+LPHD agree with Datgd




Opal, Color Reconnection (g

» Study color “(re)connection” effects in

e'e” -~ Z° - qgqg,, events

| >\/q g \ q
Leading “normal” term 1/(N2-1) suppressed
(Large-N. approximation) Interference term
implemented in the standafd| implemented in latest versign
versions of MC’s of Ariadne

» Sheds light to whether Nature selects a particular
configuration at random or some configuration Is
dynamically favored in forming color singlet states

» Such effects, if large, can affect the W mass at
LEP-2 (see talk by Monica Pepe-Altarelli)



OPA],  Color Reconnection m

» Select (Gqg)g. events by tagging two quark jets

In the same hemisphere of an event. The gluon jet
Is defined inclusively as all particles in the opposite
hemisphere.

» For these type of g, jets, Ariadne with
reconnection predicts fewer (more) particles at
small (large) rapidities and energies than standard
version or even data.

» Measure the ratio () of the mean gluon to
(light) quark jet charge particle multiplicity for
rapidity intervals of |y|<2 and |y|<1.

» Compare f to expectations to MC predictions
with and w/o reconnection effects
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OPA],  Color Reconnection m

Preliminary
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OPA],  Color Reconnection m

Preliminary
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(PA[, Color Reconnection u

rch

OPAL Data 1.509 = 0.022 = 0.046
Ariadne (with reconnection) 1.42
Ariadne 1.54
Herwig 1.54
Jetset 1.54

rch(|y|<2)
OPAL Data 1.815 = 0.038 = 0.062
Ariadne (with reconnection) 1.69
Ariadne 1.88
Herwig 1.85
Jetset 1.85

rch(|y|<:|-)
OPAL Data 1.87 £0.05+£0.12
Ariadne (with reconnection) 1.75
Ariadne 1.96
Herwig 1.91
Jetset 1.89




Sum mary

 Inclusive charged hadron fragmentation
functions as measuredHtRA, LEP, and
TEVATRON are In agreement with
MLLA+LPHD predictions.

* Possible mass dependence effects on the
production of identified hadrons may be
challenging_PHD.

 |nvariant particle energy spectra frefaRA
andLEP show that the soft limit for a
variety values of Q Is essentially
Independent of Q as predicted by
MLLA+LPHD.



Summar: continues

* Observation of interjet color coherence
effects InW+JetsandMultijet events.

- Data are in agreement with perturbative
QCD calculations

- Data support LPHD hypothesis
- Color coherence effects at this level can be
accommodated in parton shower generators
It has been suggested that the methodology

employed in the W+Jets analysis can
provide a tool for distinguishing different
topologies of color flow in hard processes
(e.g. Higgs production - hep-ph/9805490)
from the QCD background.

* No sign of color “reconnection” effects In
e'e” - Z° - qqg,, events.



